Two studies were conducted with 10 caged White Leghorn males per group-5 groups of 62-week-old birds for a 12-week period in Trial 1 and 4 groups of 32-week-old birds for a 22-week period in Trial 2. In both studies, group 1 males were fed a wheat basal diet calculated to be devoid of vitamins A and Da and low in riboflavin and supplemented with 4405 U.S.P. units vitamin A, 1652 I.C. units vitamin D3 and 4.05 mg. riboflavin per kg. diet. The group 1 diet was fed to groups 2, 3 and 4 with vitamin A, D 3 and riboflavin being omitted from groups 2,3 and 4, respectively. Group 5 males in Trial 1 were continued on the standard breeder diet. The data in both studies showed no effect of a vitamin deficiency on the reproductive performance of cockerels in terms of body weight gains, feed intake, semen characteristics (semen volume, packed sperm volume, methylene blue reduction time) and duration of fertility and hatchability. Vitamin analyses of feed samples, blood serum, livers and testes of males in the second study indicated that depletion in the male had taken place but that the degree of depletion may not have been severe enough to induce a vitamin deficiency, or that the male chicken has a lower requirement for vitamins A, D 3 and riboflavin than the female chicken.
T HE decline in fertility has been avery serious economic problem in the broiler industry, especially during warm weather. The replacing of older cockerels with younger cockerels at the onset of warm weather has partially eliminated the seasonal fertility decline. However, this procedure is not commonly practiced because it is not economically feasible to maintain a second batch of breeder males for each flock of pullets.
The nutrition of breeder males is one of the factors that may contribute to seasonal fertility decline. The nutritional requirements of males have been based on studies with the hen with the assumption that the breeder male has the same requirements (N.R.C., 1971) as the hen. This assumption has been challenged, since published results have shown that diets either extremely low or deficient in the following nutrients adversely affected the fertilizing capacity of the breeder male: essential fatty acids (Edwards, 1967; Lillie and Menge,; , vitamin E (Arscott and Parker, 1967; Price, 1968; Kuhns and Arscott, 1969) , vitamin A (Paredes and Garcia, 1959) , calcium (Gleichauf and Gurocak, 1970) , protein (Wilson et al., 1965; Jones et al., 1967) and amino acids (Kamar, 1964) . Feed restriction as determined by feeding from 47 to 72% of the ad libitum control group (Parker and McSpadden, 1943a) and energy restriction as determined by feeding 90 g. of high, medium or low energy feed per bird per day (Parker and Arscott, 1964) adversely affected the fertilizing capacity of the male chicken. Conversely, diets low in or devoid of vitamin A (Burrows and Titus, 1938) , carotenols (Schumacher et al., 1944; Ferrand and Bohren, 1948) , vitamin D (Turk, 1964; Chang and McGinnis, 1967) , calcium (Wilson et al., 1969) and protein Parker, 1963, 1966) did not alter the fertilizing capacity of the breeder male. The reasons for discrepancies in the literature regarding some of the nutrients (calcium, protein and vitamin A) may be attributed to the age of the cockerels at the inception of dietary treatment, nutrient level, dietary formulas, environmental temperatures and breed.
Since a large tonnage of commercial breeder diets is stored on poultry farms in bulk bins exposed to the sun, some destruction of vitamins can be expected, a factor which might be conducive to the subsequent decline in fertility in hot weather. Studies, therefore, were initiated with vitamins A, D 3 and riboflavin to determine their effects on the fertilizing capacity of male chickens, the results of which are presented herein.
EXPERIMENTAL PROCEDURE AND RESULTS
Experiment 1, Before the initiation of Experiment 1, preliminary studies were made with semen samples from mature White Leghorn cockerels to establish the mean volume, packed sperm volume, methylene blue reduction time and fertilizing capacity per male. These males were housed in individual cages in a windowless building where a 14-hour light regime was employed and fed a standard breeder all-mash diet.
After the completion of the preliminary studies, the males were equalized into five groups of 10 each on the basis of body weight and semen characteristics.
A basal wheat diet (Table 1) The traits studied with groups 1 through 5 in a 12-week period from the latter part of May to the middle of August were biweekly body weights and feed consumptions, weekly observations on semen volume, packed sperm volume and methylene blue reduction time and fertilizing capacity. All traits except feed consumption were studied with individual males.
Semen collections were made by the same person throughout the study for semen studies and artificial insemination. 2 Supplied per kilogram of diet: vitamin E supplement (1360 I.U./gm.) 6.05 mg., calcium pantothenate 5.5 mg., niacin 22 mg., choline CI 220 mg., vitamin Bu 11 meg., butylated hydroxy toluene 125 mg., and cerelose 3.45 gm.
Semen volume was measured to the nearest 0.01 cc. with a tuberculin syringe at the time of collection. The packed sperm volume technique as described by Arscott and Kuhns (1969) and the methylene blue reduction time technique as described by Shaffner and Andrews (1948) were used to measure sperm concentration and sperm metabolism, respectively. The fertilizing capacity was measured by a decline in the percentage of fertile eggs in a 21-day period after a single insemination.
Inseminations were made every 21 days with 0.05 cc. of undiluted semen per hen with one to five pullets being assigned at random to each male, depending on the quantity of semen collected. All eggs laid on the third day through the sixteenth day after insemination were pedigreed and dated for fertility and hatchability studies. The pedigreed eggs were set on day 17 after insemination. After seven days of incubation, those eggs that showed no signs of life were removed and examined macroscopically for classification as infertile or early dead germs. At the end of the incubation period, those eggs that did not hatch were examined and tabulated as late dead embryos. All the percentage data obtained for fertility and hatchability represented the mean based on averaging the weekly data of individual males per group.
As shown in Table 2 , the omission of vitamins A, D3 or riboflavin from the diet of males did not affect any of the traits studied, as compared with the wheat control and standard corn-soy breeder diets. Although body weight loss was observed in all groups, the loss was not as great in the vitamin deficient groups as in the control groups. The prevailing hot weather from June through August was probably a contributing factor. At the termination of the study, none of the individual males in Groups 2, 3 and 4 exhibited gross evidence of avitaminosis.
Experiment Z. The inemcacy of a vitamin deficiency in the diet of mature cockerels (62 weeks of age at the start of the study) in Experiment 1 led to the initiation of Experiment 2 with younger White Leghorn cockerels (32 weeks of age). Experiment 2 was started in mid-January and continued for 22 weeks. The experimental design and housing were the same as in Experiment 1 with three exceptions, namely, (1) the Group 5 corn-soy control diet was omitted since no differences were observed between the wheat control and corn-soy control in Experiment 1, (2) the quantity of semen was reduced from 0.05 cc. to 0.025 cc. per hen per insemination to simulate the approximate quantity given the female at time of copulation in natural matings and also to allow an increase in the number of females being inseminated per male and (3) eggs were saved for a 21-day period beginning on day 3 after insemination and set on day 24 after insemination.
The results, as tabulated in Table 3 , revealed no differences among the dietary treatments for all traits studied. The saving of hatching eggs laid on day 17 through day 23 after insemination in- dicated a slightly higher fertilizing capacity for males in vitamin deficient groups 2, 3 and 4 than for males in wheat control group 1. A comparison of the data in Experiments 1 and 2 showed several interesting observations. The body weight gains, average daily feed consumption per male and sperm metabolism (methylene blue reduction time) were greater in the second than in the first experiment, which may possibly be attributed to age of the male and/or more favorable weather conditions (January through June vs. May through August). As in Experiment 1, the males fed the deficient diets in Experiment 2 did not exhibit any gross signs of avitaminosis after a 22-week depletion period.
Since avitaminosis could not be induced in the cockerels in either experiment, individual samples of blood serum, livers and testes from all the males in Experiment 2 along with feed samples were analyzed for the vitamins to determine whether or not vitamin depletion actually took place. The tissues from the 10 individual males per group were blended together to provide one composite sample per tissue per group. All tissue and feed samples from the wheat control group were analyzed for the three vitamins, whereas those from the vitamin-deficient groups were analyzed for the specific vitamin studied. Vitamin A analyses were made according to the procedure described in A. O.A.C. (1970a) for feed and the Carr Price Blue Color method (Assoc. Vitamin Chemists, 1951) for blood serum, liver and testes. Vitamin D 3 and riboflavin analyses were determined by the techniques described in U.S.P. XV (1955) The results of the vitamin analyses are tabulated in Table 4 . Even though the basal wheat diet was calculated to be 1 All tissue and feed samples from the wheat control group were analyzed for the three vitamins, whereas those from the vitamin-deficient groups were analyzed for the specific vitamin studied.
2 Basal wheat diet (before any of the three vitamins were added) was calculated to be devoid of vitamins A and D 3 and low in riboflavin (0.75 mg./kg.). (1971) . When one of the three vitamins was omitted from the feed given Groups 2, 3 and 4, the concentration of the depleted vitamin in the diets for Groups 2 and 3 was essentially the same as in the basal diet, whereas the riboflavin concentration of the riboflavin-deficient diet (Group 4) was lower than that in the basal diet. The possibility for this disparity may be attributed to variation normally expected in laboratory analyses, feed mixing techniques or vitamin content of different batches of feedstuffs.
Vitamin analyses for blood serum, livers and testes indicated that some depletion did occur in the males in all but one case after a 22-week depletion period (Table  4) . As compared with those for the control males, the concentration of the depleted vitamin found in blood serum, liver and testes, respectively, was 83.5, 33.9 and 33.3% for vitamin A-deficient males; 51.6, 33.2 and 60.6% for vitamin D 3 -deficient males and 122.6, 75.2 and 83.7% for riboflavin-deficient males. Hence, depletion was generally more pronounced for vitamins A and D 3 than for riboflavin.
DISCUSSION
The fact that the reproductive performance of mature cockerels was not altered by the degree of depletion observed in our studies suggests that the depletion may not have been severe enough to induce a vitamin deficiency in the breeder male in a 22-week period and that a longer period of time may be required to deplete body reserves of a vitamin in the male fed a practical diet. It is possible that the length of time required for vitamin depletion may have been influenced by the presence of small quantities of the three vitamins in the basal diet. One plausible explanation for the vitamins found in the basal diet may be contamination during the mixing process in a vertical, cylindrical feed mixer despite a thorough cleaning beforehand. The feeding of a vitamindeficient diet during the grower period and supplementation of the depleted vitamin in the diet of cockerels at a later age (20 + weeks) might significantly increase the reproductive performance of males as compared with that of males fed a normal diet during the grower period. This fact was demonstrated with protein (Wilson et at., 1965; Jones et al., 1967) and is a possibility that should not be overlooked in vitamin studies. In this connection, the total concentration of a vitamin in the basal and supplemented diets is of paramount importance, because the results otherwise could become meaningless. No explanation is offered for the unusually high concentration of vitamin A in the Group 1 diet. Nockels and Kienholz (1967) found sperm in 11-week old cockerels fed a vitamin A-deficient diet from day old on but none in counterpart cockerels receiving added vitamin A. Evidence of vitamin A deficiency symptoms in terms of leg weakness, muscular convulsions, delayed sexual maturity and retarded testes development was noted 7 weeks after 16-week old cockerels were fed a purified diet deficient in vitamin A (Lowe et al., 1957) . After males had been fed a purified diet supplemented with retinoic acid as the sole source of vitamin A for a 29-week period, some males were then fed the same diet without retinoic acid. Vitamin A deficiency symptoms appeared 17 days later with reduced testes weights and degenerative changes in the seminiferous epithelium, as compared with those of the control males (Thompson et al., 1969) . No data were provided by any of these investigators to demonstrate the effect of vitamin A deficiency upon subsequent reproductive performance of the males. The present data obtained with vitamin A are in agreement with those of Burrows and Titus (1938) but not with those of Paredes and Garcia (1959) , while the data on vitamin D3 substantiated the work of Turk (1964) with chickens and that of Chang and McGinnis (1967) with quail.
Assuming that the destruction of vitamins that might possibly occur in mixed feeds stored in bulk bins in hot weather could reduce the concentration of vitamins below that recommended by the N. R.C. (1971) , the present studies clearly indicate that extremely low levels of vitamins A, D 3 and riboflavin would not impair the reproductive performance of mature cockerels during the breeding season. Therefore, several reasons accounting for the decline in fertility of the male chicken during the summer months must be attributed to other factors such as high temperature (Boone and Huston, 1963; Ingkauwan and Ogasawara, 1966; Clark and Sarakoon, 1967) , stage of egg production cycle (Parker and McSpadden, 1943b) , environmental factors (Boone, 1968) and genetic background or age of male (Marini and Goodman, 1969) . Because of several conflicts reported in the literature on nutrition X male fertility relationships, further research is needed to establish the nutritional requirements of breeder male chickens.
